The critical importance of radiology as a profession and a service in the health care system is massive. It is rare for a patient to pass through a hospital without requiring the opinion of a radiologist somewhere along their journey. Whether it is triaging patient care in the emergency department, assessing the need for treatment, providing treatment, or assessing the effectiveness of treatment, the radiologist's role is paramount. The benefits of artificial intelligence (AI) in radiology, therefore, are also massive. The major hope for automated intelligent systems in radiology are to increase accuracy, efficiency, and productivity in order to improve patient care and outcomes. However, careful development of these systems is needed to ensure the patients' and hospital staff's needs are kept priority. This essay is submitted to the Canadian Association of Radiologists Journal describing the role of radiology, the promise of AI in radiology, the potential benefits of machine learning and supervised learning, the potential benefits of neural networks, the role of start-up companies, the underrepresentation of rare disease in training datasets, the flawed reasoning that humans can create an infallible machine, ethical concerns pertaining to the use of AI in radiology, and the need to serve patient safety and outcomes.
Historical Perspective of AI and Radiology
Radiology is not new to the idea of using AI to support decision-making, and it has fascinated radiologists for quite some time. For over 20 years, imaging support analytics have played an imperative role in the progression of diagnostic medicine and imaging analysis [1e11]. For example, computer aided diagnostics has been widely employed to summarize and standardize digitized medical images in many areas of radiology, including mammography. Recent advances in the field of machine learning [12e14] and deep learning [15, 16] have the potential to exponentially increase both the computing power potential and output quality of such imaging support analytics [1e11]. The notion that a machine in the future could detect a disease without a radiologist or physician's supervision is truly fascinating, with the theoretical potential to be more convenient, efficient, and potentially less expensive than their human counterparts. However, is this the inevitable goal humanity should strive for?
Literature has shown that algorithms can provide standardized clinical care while allowing flexible local level innovation in imaging [12, 17, 18] . Radiology employs algorithms to process the raw data underlying the digitized medical images through multi-layer interpretive networks to provide discrete (binary or non-binary) outputs. Using supervised learning, human radiologists can ''train'' the algorithm by validating outputs as correct or incorrect. The algorithm becomes more accurate as it ''learns'' from this supervision.
Contribution of AI in Contemporary Radiology
The hypothetical benefits of AI technology are theoretically unlimited when thinking of value to the patient and to the health care system [7] .
Numerous start-ups and companies are involved in AI initiatives and are trying to utilize AI to diagnose several diseases, including stroke detection, white matter abnormality detection, and malignancies. Companies often collaborate with academic physicians and try to address unmet needs. One of the more straight-forward applications of AI is in chest X-rays, as it is one of the most commonly accessible radiological examinations for the screening and diagnosis of many lung diseases [15] . Large numbers of chest X-rays are stored in the picture archiving and communication systems of hospitals. ''Reading chest X-rays'' by use of the Deep Learning paradigm involves recognizing and locating the common disease patterns. The ''reading'' of the examinations, and not just ''identification of an object/feature,'' [19] remains a challenge for a fully automated high precision computer aided diagnostics system [18] [19] [20] . Tremendous research is underway to overcome this challenge by using several thousands of imaging files to train and test algorithms by conducting sensitivity and specificity analysis to determine how accurate the detection of their AI product is. The results are compared to the radiologist's diagnosis.
Role of Imaging Database
The application of these same principles on other imaging modalities that contain significantly more imaging data, such as mammography, computed tomography, magnetic resonance imaging, nuclear medicine, and even ultrasound, becomes more challenging. There is a need to spend more time in labelling the imaging studies, which would result in significantly more computing power and an exponential increase in the differential diagnosis. There is a dearth of hardannotated data where radiologists do the annotation.
AI, Radiology, and the Way Forward
Recently, the semantics of discourse have been whether radiologists need to fear being replaced by AI. The goal is simply to design algorithms that match the ground truth in training datasets and to minimize errors. ''I believe that there is a problem with nomenclature and terminology. I think the word ''artificial'' is wrong, and the term AI should stand for ''augmented intelligence,'' said Dr Rasu B. Shrestha at Radiological Society of North America 2017. The idea that a Royal College or board-certified radiologist is super-powered by the use of neural networks trained with thousands of imaging studies interpreted by thousands of other radiologists before them is excitingda medical superhero ready to provide unrivalled care to patients. These are the semantics of discourse that should be taking place as these systems are built.
There is also a major ethical concern with the development and use of augmented intelligence systems. How should consent be obtained from patients for the use of their imaging data? Should permission be obtained from the patients at the time of imaging that their imaging data may be used to train an algorithm? Further, how should data privacy be addressed? Is it enough to remove personal patient identifiers from the Digital Imaging and Communications in Medicine (DICOM) header? Where should this data be stored, when data hacking is an ongoing problem for some of the most secure systems worldwide? Careful consideration of these questions is essential as AI systems are developed, and having a radiologist informed and always available to advocate for the safety and privacy of the patient is not only recommended, but an absolute requirement as a physician sworn under the Hippocratic Oath.
Artificial augmented intelligence is certainly the future of not only radiology, but medicine as a whole system, and a justification for its development and use is not a challenge to identify. The challenge will come from not only the development of these systems and how to make them accurate, but also how to ensure they are utilized ethically. These systems need to be created, not only to save a dollar, but to serve the best interest of all patients involved. These systems need to be transparent with their false positive and false negative rates. They need to err on the side of safety for the patient and the clinical staff. They will need to support physicians and help to decrease the increasing challenges of physician burnout by increasing efficiency, accuracy, and productivity. They need to support a publicly funded system where dollars matter and provide insights on how decisions could be made to save lives and save money. And most importantly, they must serve the patient. The point should be to improve patient care and patient outcomes, with the ultimate goal of improving quality of life. The radiologist needs to stand tall and strong at the bow of this AI movement and control the direction with the needs of patients as a priority. Drawing aside the curtains of development and scratching beneath the technological advancement, we come face to face with the basic challenges of autonomy, beneficence, justice, and respect for knowledge. One hopes that, as medicine progresses, we are able to address the ethical conundrums that may be present in front of us by this most impressive technology.
